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To Keith 
For believing in the technology and for believing in me.  
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Derivation and characterization of iPS cells from two sickle cell anemia patients  
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Engineering of OPEN ZFNs targeted to the human beta-globin gene 
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Construction of a “donor template” required for ZFN-mediated correction of the sickle cell 
anemia mutation 
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Efficient correction of the sickle cell anemia mutation in human iPS cells using ZFN-mediated 
gene targeting 
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Evaluation of ZFN off-target effects at other closely related globin genes 
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Generation of transgene-free, gene-corrected iPS cell lines 
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Derivation and Culture of iPS cells 
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Engineering ZFNs targeted to the human !-globin gene 
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Transient transfection for Gene Targeting and Loop-out in iPS cells 
Y+("6','")*(6')%,6@"!W!Cb"%9Z?&"O'('")(*,&1'8)'$"O%)4"B"Ä6"+1"NYLM',8+$%,6"-0*&3%$"*,$"
!C"Ä6"+1"$+,+(")'3-0*)'"-0*&3%$"./"#3*W*",280'1'8)%+,G"#1)'("1+2("$*/&@"8'00&"O'('"&'0'8)'$"%,"
3'$%*"8+,)*%,%,6"-2(+3/8%,"S!"Ä6o30U"1+("B"O''R&G"T+"'W8%&'"&'0'8)%+,"*,$o+("('-(+6(*33%,6"
8*&&'))'&@"8'00&"O'('")(*,&1'8)'$"O%)4"*,"KY!*M?('M%('&M-2(+"-0*&3%$"S*"6%1)"R%,$0/"-(+=%$'$"./"
;2&)*=+"A+&)+&0*=&R/UG""#0)'(,*)%='0/"%,1'8)%+,"O%)4"*$',+=%(2&"'W-('&&%,6"*"?('M('8+3.%,*&'M
;Y9"12&%+,"S\'8)+("]%+0*.&U"O*&"2&'$G""Y#?Z"O*&"2&'$")+"%&+0*)'";Y9M-+&%)%='"8'00&")4*)"O'('"
&''$'$"*&"&%,60'"8'00&"+,"A*)(%6'0"%,"3T'ZQ!"3'$%23"8+,)*%,%,6"B"ÅA"T4%*P+=%=%,G"X,$%=%$2*0"
8+0+,%'&"O'('"3*,2*00/"-%8R'$"*,$"&8('','$"./"9?QG"
"
Southern Blotting 
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Teratoma Formation and Analysis 
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1 2 3 4 5
VEGF1 TCGGGAGGCGCAGCGGTT X 1
VEGF2 TTGGGGCAGCCGGGTAGC X X X 3
VEGF3 TGGAGGGGGTCGGGGCTC X X 2
VEGF4 TGAGTGACCTGCTTTTGGG X X X 3
VEGF5 TGAGTGAGTGTGTGCGTGT X X 2
VEGF6 TCACTCCAGGATTCCAATA X X 2
Ntf3-1 TTCTGTTCACGGGACTCA X X 2
Ntf3-2 TCCGAACAGCTCCGCGCA X 1
Ntf3-3 TTCCCCTGCTGGGTAGTG X X X 3
Ntf3-4 TACGCCTCAGACCTGATC X 1
Ntf3-5 TCCCTCAATCTGGGAAAG X 1
miR1 TGGAAGCAATCTATTTAT 0
miR2 TACATTTAACATGTAGAT 0
miR3 TAGAAACACAATGCCTTT 0
miR4 TGGGAGCACTCATTGTTA X X 2
miR5 TAATCTATGCCATCAAAC X X 2
VEGF1-1 TTGGGGGTGACCGCCG X X X 3
VEGF1-2 TTGGGGGTGACCGCCGGA X X X 3
VEGF1-3 TTGGGGGTGACCGCCGGAGC X X X 3
VEGF1-4 TTGGGGGTGACCGCCGGAGCGC X X X 3
VEGF1-5 TTGGGGGTGACCGCCGGAGCGCGG X X X 3
VEGF1-6 TTGGGGGTGACCGCCGGAGCGCGGCG X X X 3
VEGF2-1 TCCCGCAGCTGACCAG X X 2
VEGF2-2 TCCCGCAGCTGACCAGTC X 1
VEGF2-3 TCCCGCAGCTGACCAGTCGC X X 2
VEGF2-4 TCCCGCAGCTGACCAGTCGCGC X X 2
VEGF2-5 TCCCGCAGCTGACCAGTCGCGCTG X X 2
VEGF2-6 TCCCGCAGCTGACCAGTCGCGCTGAC X X 2
VEGF3-1 TACCACCTCCTCCCCG X X 2
VEGF3-2 TACCACCTCCTCCCCGGC X X 2
VEGF3-3 TACCACCTCCTCCCCGGCCG X X 2
VEGF3-4 TACCACCTCCTCCCCGGCCGGC X 1
VEGF3-5 TACCACCTCCTCCCCGGCCGGCGG X X 2
VEGF3-6 TACCACCTCCTCCCCGGCCGGCGGCG X X 2
TALE Name  Target site Total Guideline Violations
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VEGF4-1 TCCCCGGCCGGCGGCG X X 2
VEGF4-2 TCCCCGGCCGGCGGCGGA X X 2
VEGF4-3 TCCCCGGCCGGCGGCGGACA X X 2
VEGF4-4 TCCCCGGCCGGCGGCGGACAGT X 1
VEGF4-5 TCCCCGGCCGGCGGCGGACAGTGG X X 2
VEGF4-6 TCCCCGGCCGGCGGCGGACAGTGGAC X X 2
VEGF5-1 TGGACGCGGCGGCGAG X X 2
VEGF5-2 TGGACGCGGCGGCGAGCC X X 2
VEGF5-3 TGGACGCGGCGGCGAGCCGC X X 2
VEGF5-4 TGGACGCGGCGGCGAGCCGCGG X X 2
VEGF5-5 TGGACGCGGCGGCGAGCCGCGGGC X X 2
VEGF5-6 TGGACGCGGCGGCGAGCCGCGGGCAG X X 2
VEGF6-1 TCCCAAGGGGGAGGGC X X 2
VEGF6-2 TCCCAAGGGGGAGGGCTC X X 2
VEGF6-3 TCCCAAGGGGGAGGGCTCAC X X 2
VEGF6-4 TCCCAAGGGGGAGGGCTCACGC X X 2
VEGF6-5 TCCCAAGGGGGAGGGCTCACGCCG X X 2
VEGF6-6 TCCCAAGGGGGAGGGCTCACGCCGCG X X 2
VEGF7-1 TCCGTCAGCGCGACTG X X 2
VEGF7-2 TCCGTCAGCGCGACTGGT X 1
VEGF7-3 TCCGTCAGCGCGACTGGTCA X X 2
VEGF7-4 TCCGTCAGCGCGACTGGTCAGC X X 2
VEGF7-5 TCCGTCAGCGCGACTGGTCAGCTG X X 2
VEGF7-6 TCCGTCAGCGCGACTGGTCAGCTGCG X X 2
VEGF8-1 TCCACTGTCCGCCGCC X 1
VEGF8-2 TCCACTGTCCGCCGCCGG X X 2
VEGF8-3 TCCACTGTCCGCCGCCGGCC X X 2
VEGF8-4 TCCACTGTCCGCCGCCGGCCGG X X 2
VEGF8-5 TCCACTGTCCGCCGCCGGCCGGGG X X 2
VEGF8-6 TCCACTGTCCGCCGCCGGCCGGGGAG X X 2
VEGF9-1 TCCACCCCGCCTCCGG X X 2
VEGF9-2 TCCACCCCGCCTCCGGGC X X 2
VEGF9-3 TCCACCCCGCCTCCGGGCGC X X 2
VEGF9-4 TCCACCCCGCCTCCGGGCGCGG X X 2
VEGF9-5 TCCACCCCGCCTCCGGGCGCGGGC X X 2
VEGF9-6 TCCACCCCGCCTCCGGGCGCGGGCTC X X 2
TALE Name  Target site
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